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Microwave-induced suppression of dissipative conductivity and its
Shubnikov – de Haas oscillations in two-dimensional electron systems:
Effect of dynamic electron localization
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We present a model for microwave photoconductivity in two-dimensional electron systems (2DESs)
in a magnetic field at the microwave frequencies lower that the electron cyclotron frequency when the
intra-Landau level (LL) transitions dominate. Using this model, we explain the effect of decrease
in the 2DES dissipative conductivity (and resistivity) and smearing of its Shubnikov – de Haas
oscillations by microwave radiation observed recently [1, 2]. The model invokes the concept of
suppression of elastic impurity scattering of electrons by the microwave electric field. We calculated
the dependence of the 2DES conductivity associated with intra-LL transitions as a function of the
radiation and cyclotron frequencies and microwave power. The obtained dependences are consistent
with the results of recent experimental observations [1, 2].
PACS numbers: PACS numbers: 73.40.-c, 78.67.-n, 73.43.-f
I. INTRODUCTION
Recently, the experimental observations of rather
strong effect of relatively low frequency microwave ra-
diation (the radiation frequency Ω . Ωc or Ω ≪ Ωc,
where Ωc is the electron cyclotron frequency) on the dis-
sipative conductivity and resistivity of two-dimensional
electron systems (2DESs) in GaAs/AlGaAs heterostruc-
tures were reported [1, 2]. As shown, at sufficiently high
microwave powers, the dissipative conductivity (resistiv-
ity) of a 2DES and its Shubnikov – de Haas (SdH) os-
cillations are substantially suppressed. The modulation
of SdH oscillations by microwaves was also reported by
other authors (see, in particular, [3]). The observed effect
supplements the pattern of microwave-induced transport
phenomena in 2DESs related to the microwave-induced
zero-resistance and zero-conductance states revealed by
Mani et al. [4] and Zudov et al. [5] and extensively stud-
ied both experimentally and theoretically last two years
(for early predictions see, for example, Ref. [6]).
Leaving aside the hypothesis put forward in Ref. [1] to
clarify the effect, we provide an explanation associated
with the suppression of electron scattering on impurities
with intra-Landau level (LL) transitions by microwave
radiation. The main point is that the ac electric field
of microwave (or optical) radiation gives rise to spatio-
temporal oscillations of the electron Larmor orbit cen-
ter that leads to an additional spreading of the wave
function. As a result, the matrix elements of electron-
impurity interaction, the probability of electron elastic
scattering with a displacement of the orbit center, and
therefore, the dissipative conductivity are decreased by
microwave radiation even without absorption or emission
of real photons.
The effect of dissipative conductivity suppression was
predicted and assessed theoretically for 3DESs in mag-
netic field many years ago [7]. Similar effect of radiation-
induced suppression of electron transitions between
two spatially separated states (in neighboring quantum
wells), called the dynamic electron localization, was dis-
cussed and experimentally observed by Keay et al. [8].
The possible role of the effect of dynamic electron local-
ization in 2DESs in a magnetic field was mentioned in
Ref. [9]. In this paper, we present a theoretical model for
this effect and assess it. It is demonstrated that invoking
the mechanism under consideration one can explain main
features of the experimental results.
II. ELECTRON TRANSPORT DUE TO
INTRA-LL ELECTRON TRANSITIONS.
The dissipative electron transport in the direction par-
allel to the electric field and perpendicular to the mag-
netic field is due to hops of electron orbit centers caused
by scattering processes. These hops result in a change
in the electron potential energy δǫ = −Fδρ, where
F = −eE is the dc electric force, E is the dc electric
field, and δρ = ρk − ρ′k is the displacement of the elec-
tron orbit center. When electron scattering on impurities
dominates and LL broadening is insignificant, the dis-
placement of electron orbit center caused by scattering
with the electron transition from the state (N, ρk) to the
state (N ′, ρk′) one can found using the energy conserva-
tion law (disregarding spin-flip effects):
Fδρ = Λ~Ωc, (1)
where Λ = N ′−N and ~ is the reduced Planck constant..
The matrix element,Mi, of the electron transitions due
to impurity scattering and, consequently, the probability,
W , of the scattering processes in question are determined
by the overlap of electron wave functions (6) correspond-
ing to two spatially separated states (i.e., with different
2coordinates of the electron orbit center ρk) and, there-
fore, W = W(δρ) steeply decreases at sufficiently large
δρ. Due to this, the pertinent contribution to the dissi-
pative current is
δJD ∝ −eδρW(δρ). (2)
Considering Eqs. (1) and (2) and taking into account
electron-impurity interactions in the Born approxima-
tion, one can arrive at the following formula for the dis-
sipative current which is equivalent to that obtained by
Tavger and Erukhimov [10]:
JD ∝ νi
∑
Λ
(fN − fN+Λ)
∣∣∣∣A(i)N,Λ
(
~Ωc
eEL
)∣∣∣∣
2
×
(
Λ~Ωc
eEL
)
exp
[
−1
2
(
Λ~Ωc
eEL
)2]
. (3)
Here νi is the frequency characterizing electron-impurity
collisions, L is the quantum magnetic length, A
(i)
N,Λ is
determined by the matrix elements of the impurity po-
tential, fN = [exp(N~Ωc/T − ζF ) + 1]−1 is the Fermi
distribution function, ζF = εF /T , and εF is the 2DES
Fermi energy reckoned from the lowest LL and normal-
ized by temperature T .
In a nondegenerate 2DES in moderate electric fields
E < Ec = ~Ωc/eL ( so that eEL < ~Ωc), the transitions
only between the neighboring (Λ = 1) LLs with small
indices are efficient. In this case, Eq. (3) yields for the
dissipative conductivity the following expression:
σD =
JD
E
∝ νi exp
[
−1
2
(
Ec
E
)2]
. (4)
As pointed out, the exponential electric-field depen-
dences given by Eqs. (3) and (4) are due to inter-LL
transitions which become crucial under sufficiently strong
net dc electric field. Such inter-LL transitions can be
called the Zener tunneling transitions between LLs [11].
If the Zener tunneling between LLs is due to resonant
transitions via impurity levels [12], the calculated dis-
sipative current-voltage characteristic remains exponen-
tial. In a degenerate 2DES with a large filling factor
NF = εF /~Ωc, the electron inter-LL transitions with
δρ ∼ LF = L
√
2NF + 1 can provide the main contri-
bution to the dissipative current (see, for example, [11]).
In this case, inter-LL electron transitions become crucial
and a substantial increase in the dissipative conductivity
occurs when E & E
(F )
c = ~Ωc/LF ≃ Ec/
√
2NF .
Equation (4) yields a non-analytic electric-field depen-
dence which corresponds to σD vanishing in the limit
of weak electric field [10]. However, nonanalytical de-
pendences, like that given by Eq. (4), are valid only if
|E| ≫ Eb = ~Γ/eL, E(F )b = ~Γ/eLF ,, where Γ is the
LL broadening. In relatively weak net dc electric fields,
the LL broadening becomes crucial [13]. The dissipa-
tive conductivity of 2DESs in a magnetic field associ-
ated with impurity scattering under the assumption that
LL broadening is due to electron-electron interactions
(Γ ≃ Γee > Γi ∼ νi) was considered in Ref. [13]. The lat-
ter can be justified, in particular, in the 2DESs in which
the electron sheet concentration Σ is of the same order of
magnitude as the sheet concentration of remote donors
(separated from the 2DES by sufficiently thick spacer).
In strongly degenerate 2DESs, in which electron-electron
scattering is markedly weaken (see, for example, [14]), the
contribution of impurity scattering to the LL net broad-
ening can be essential. According to Eq. (1), impurity
scattering in weak electric field |E| ≪ Ec, E(F )c can re-
sult only in the transitions with rather large |δρ|. Due to
very small overlap of the electron wave functions in the
initial and final states, the probability of these transitions
is exponentially small. This leads to an exponentially
small contributions of inter-LL transitions to the dissipa-
tive current in small dc electric fields. However, in the
range of weak electric fields, the dissipative conductivity
can be associated with electron scattering on impurities
within LLs provided that LLs have a finite width. This
implies that although electron-electron interaction does
not change the total momentum of the electron system
and, hence, does not directly lead to the dissipative con-
ductivity, it may mediate the momentum transfer to the
scatterers and, therefore strongly affect electron trans-
port phenomena (see, for example, Ref. [15]). Invoking
the mechanism of intra-LL impurity scattering mediated
by electron-electron collision, one can understand the as-
sociation of the dissipative current with the Joule heating
of 2DES. Indeed, in the case of the mechanism in ques-
tion, the change in the electron potential energy associ-
ated with the electron orbit centers displacements in the
direction of the electric force is compensated by an in-
crease of the kinetic energy (heating) of all participated
electrons. The problem of Joule heating in 2DES in a
magnetic field, to the best of our knowledge, is not re-
solved in the framework of model considering solely im-
purity scattering (even beyond the Born approximation).
There is no such a problem in the case of 2DES in a
magnetic field because the energy acquired by an elec-
tron from the electric field due to the displacement of its
Larmor orbit center associated with impurity scattering
goes to an increase of the energy of the electron motion
along the magnetic field.
When Ωc ≫ Γ, the values of characteristic fields
Eb and E
(F )
b , on the one hand, and Ec and E
(F )
c ,
on the other, are strongly different. For exam-
ple, for a AlGaAs/GaAs 2DES, assuming H = 0.2 T,
Γ = 1010 s−1, and NF = 50 one can obtain Eb ≃ 1 V/cm,
E
(F )
b ≃ 0.1 V/cm, Ec ≃ 60 V/cm, and E(F )c ≃ 6 V/cm.
As follows from Ref. [13], in the case Γ < T/~ ≪ Ωc,
the dissipative current (dissipative conductivity) in low
3dc electric fields is given by
JD ∝ Eνi
∑
N
b
(i)
N
(
−∂fN
∂ζF
)
. (5)
Here
∂fN
∂ζF
=
exp(N~Ωc/T − ζF )
[1 + exp(N~Ωc/T − ζF )]2 (6)
and b
(i)
N is a coefficient determining by the matrix ele-
ments of the impurity potential which, in turn, depend
on the LL index. The most crucial feature of the formula
for the dissipative current is that the latter is determined
by the effective frequency of electron collisions with im-
purities and by the derivative of the electron distribution
function [16].
Using Eq. (5), the low-field dissipative conductivity
can be presented as
σD ∝ νi
∑
N
bN exp(N~Ωc/T − ζF )
[1 + exp(N~Ωc/T − ζF )]2 . (7)
As follows from Eq. (6), at T < ~Ωc, the dissipative
conductivity is a strongly oscillating function of Ωc and ζ.
This is the well-known effect of SdH oscillations in 2DES
(see, for example, Ref. [16]) One can see from Eq. (6)
that σD reaches maxima when N~Ωc = εF , whereas the
minima of σD correspond to (N +1/2)~Ωc = εF . At the
minima,
σD ∝ exp
(
−~Ωc
2T
)
. (8)
Thus, despite the dissipative conductivity in the case of
low electric field under consideration is determined by
electron transitions within LLs, it exhibits an activation
behavior with activation energy εA = ~Ωc/2 which is
determined by the separation between LLs. At suffi-
ciently low temperatures, the dissipative conductivity
exhibits giant SdH oscillations with its exponentially
small values under the condition of quantum Hall effect
N~Ωc < εF < (N + 1)~Ωc.
III. EFFECT OF MICROWAVES ON INTRA-LL
ELECTRON TRANSITIONS
To calculate the contribution of impurity scattering of
electrons in the dc electric and magnetic fields in the
presence of microwave ac electric filed to the dissipative
conductivity, one can start from the following Hamilto-
nian:
HE = − ~
2
2m
[
∂2
∂ρ2
+
(
∂
∂ξ
+ i
e
c~
Hρ
)2]
+ eEρ
+eE(t)(eρρ+ eξξ). (9)
Here E(t) = E cosΩt is the ac electric field of microwave
radiation, which is taken into account in the dipole ap-
proximation, and eρ and eξ are the components of the
microwave field complex polarization vector. The Hamil-
tonian (9) leads to quasi-stationary states which are char-
acterized by quasi-energies. The probability of an elec-
tron transition from state (N, ρk) to state (N
′, ρ′k) due
to the scattering on impurities accompanied with the ab-
sorption of M real photons is proportional to
|M(M)N,ρk,N ′,ρk′ |
2 = |JM (aΩQ)|2|MN,ρk,N ′,ρk′ |2. (10)
Here MN,ρk,N ′,ρk′ is the matrix element of electron-
impurity interaction without microwave radiation, JM (x)
is the Bessel function, aΩ = LE/L is the relative ampli-
tude of electron orbit center classical oscillations in the
crossed dc electric and magnetic fields under the ac mi-
crowave electric field, and Q = L(k′ − k). Thus, the
matrix element and, consequently, the probability of an
electron transition due to the scattering on impurities
accompanied with the absorption or emission of M real
photons is proportional to additional factor |JM (aΩQ)|2.
In the case of circular polarization or when the microwave
radiation is nonpolarized,
LE =
eE√
2mΩ2
Ω
√
Ω2c +Ω
2
|Ω2c − Ω2|
. (11)
The appearance of the Bessel functions in the scattering
matrix elements is the result of calculation using the ex-
act wave functions of electrons in both dc and ac fields.
This can be attributed to the processes of absorption
and emission of arbitrary number of virtual photons in
each process involving M real photons. Scattering pro-
cesses in the presence of microwave ac electric field are
characterized by the following two features of photon-
assisted impurity scattering processes [7, 9, 17]. First,
|M(M)N,ρk,N ′,ρk′ |2 and, consequently the probability of the
processes involving M real photons is not proportional
to |E|2M - it is a more complex function of E due to the
Bessel function dependence. Naturally, at low microwave
powers (low ac electric fields), |J1(aΩQ)|2 ∝ a2ΩQ2, and
the matrix element for single photon processes becomes
proportional to a2Ω ∝ |E|2, i.e., proportional to the mi-
crowave power PΩ. Second, the probability of the im-
purity scattering of electrons without the absorption of
real photons (M = 0), i.e., elastic impurity scattering
depends, nevertheless, on the microwave field. This ef-
fect was theoretically studied in electron systems with-
out and with a magnetic field by different authors many
years ago. As pointed out above, microwave radiation
can affect intra-LL elastic impurity scattering processes
(involving no real photons) in 2DES changing the effec-
tive frequency of electron collisions with impurities. Such
an effect can be explained by the following: Increase in
the ac electric field leads to an increase in the ampli-
tude of the electron Larmor orbit and, consequently, in
a smearing of the electron wave function. Due to this,
4the integral of the wave functions with the same LL-
index before and after the electron scattering and the
impurity potential decreases that leads to a decrease in
the scattering probability. Indeed, the matrix element
of impurity scattering without absorption or emission of
real photons (M = 0) is proportional to |J0(aΩQ)|2. As
a result, generally |M(0)N,ρk,N ′,ρk′ |2 6= |MN,ρk,N ′,ρk′ |2 if
aΩ 6= 0. Consequently, matrix element M(0)N,ρk,N ′,ρk′ de-
creases (exhibiting damping oscillations) with increasing
aΩQ and even turns zero at aΩQ ≃ 2.4. This implies
that microwave radiation can effectively suppress inter-
LL impurity scattering and, consequently, the hops of
electron orbit centers. The latter can be interpreted as
some kind of electron localization by microwave radiation
resulting in a decrease in the dissipative conductivity out-
side the cyclotron resonance and its harmonics (compare
with the effect of radiation-induced suppression of tun-
neling between quantum wells [8]). The effect dynamic
localization can be particularly important at relatively
low microwave frequencies Ω < Ωc when the dissipative
conductivity is mainly due to intra-LL impurity scatter-
ing processes (the photon energy is insufficient for the
inter-LL transitions).
Let the Fourier component of the impurity potential
to be Vq = ViQ
s exp(−diQ/L), where Q =
√
Q2x +Q
2
y.
Here Vi is a constant (so that νi ∝ |Vi|2) and (a) for
charged remote impurities, s = −1 and di is the spacing
between the 2DES and the δ-doped impurity layer, and
(b) for short-range residual impurities s = 0 and di = 0.
After that, for coefficients bN in Eq. (7) one can obtain [9]
bN =
1
π
∫
dQx dQyQ
2
yQ
2sJ20 (ξΩQ)
× exp
(
−βQ− Q
2
2
)[
L0N
(
Q2
2
)]2
=
∫ ∞
0
dQJ20 (aΩQ)Q
3+2s exp
(
−βQ−Q
2
2
)[
L0N
(
Q2
2
)]2
,
(12)
where β = 2di/L. At s = −1 and β ≪ 1 in the absence of
microwave radiation (aΩ = 0), from Eq. (12) one obtains
bN = b
0
N with
b0N =
∫ ∞
0
dQQ exp
(
−Q
2
2
)[
L0N
(
Q2
2
)]2
= 1. (13)
For the case s = 0 and β = 0, instead of Eq. (12), one
obtains
b0N =
∫ ∞
0
dQQ3 exp
(
−Q
2
2
)[
L0N
(
Q2
2
)]2
= 2(2N + 1). (14)
The latter formula implies that in the case of short-range
impurity scattering, the contribution of the transitions
within the Nth LL is proportional to the square of the
electron Larmor orbit radius RN =
√
2N + 1L. Com-
paring Eqs. (13) and (14), one can see that the short-
range impurity scattering provides a larger contribution
to the dissipative conductivity by factor 2(2N + 1) (for
the same impurity concentrations). An increase in the
spacer thickness di, i.e., an increase of parameter β lead
for an additional decrease in the contribution of scatter-
ing on charged impurities. This is consistent with the
previous conclusions [9, 17].
At not too high microwave powers and not too close
to the cyclotron resonance, one can expand the Bessel
function in the right-hand side of Eq. (12). As a result,
for the cases of electron scattering on charged impurities
(s = −1, β ≪ 1) and short-range scatterers (s = 0) we
arrive, respectively, at
bN ≃
∫ ∞
0
dQQ
(
1− 1
2
ξ2ΩQ
2
)
exp
(
−Q
2
2
)[
L0N
(
Q2
2
)]2
= 1− 1
2
a2Ω
∫ ∞
0
dQQ3 exp
(
−Q
2
2
)[
L0N
(
Q2
2
)]2
= 1− (2N + 1)a2Ω. (15)
bN ≃
∫ ∞
0
dQQ3
(
1− 1
2
a2ΩQ
2
)
exp
(
−Q
2
2
)[
L0N
(
Q2
2
)]2
= 2(2N + 1)− 1
2
ξ2Ω
∫ ∞
0
dQQ5 exp
(
−Q
2
2
)[
L0N
(
Q2
2
)]2
= 2(2N+1)−4(3N2+3N+1)a2Ω ≃ 4N(1−3Na2Ω). (16)
Assuming that the Fermi energy significantly exceeds the
splitting between LLs (large filling numbers), so that the
LL with large N are most important, Eq. (16) can be
rewritten as
bN ≃ b0N
[
1− 2
(
3N2 + 3N + 1
2N + 1
)
a2Ω
]
≃ b0N(1 − 3Na2Ω). (17)
Considering Eqs. (13) - (17), we obtain
bN ≃ b0N
[
1− k(s, β)N
(
2παPΩ
mΩ3
)
F(Ωc/Ω)
]
, (18)
where α = e2/~c ≃ 1/137, as follows from Eqs. (16)
and (17), k(−1, 0) ≃ 2 and k(0, 0) ≃ 3, and F(ωc) =
ω2c (ω
2
c + 1)/(ω
2
c − 1)2. Using Eqs. (7) and (18) and
5taking into account that the main contributions to the
dissipative conductivity are due to intra-LL transitions
within several LLs in the vicinity of the Fermi energy
(i.e., within the LLs with N ≃ εF /~Ωc), we obtain the
following formula for the dissipative conductivity associ-
ated with intra-LL electron scattering on impurities in
the presence of microwave radiation:
σD ≃ σ0D[1− P F(Ωc/Ω)], (19)
where σ0D is the dark dissipative conductivity exhibiting
SdH oscillations with varying Ωc. The introduced nor-
malized microwave power P is given by P = PΩ/PΩ,
where
PΩ =
mΩ4~
2παk(s, β)εF
(20)
Setting the electron effective mass m = 6 × 10−29 g
(GaAs), the electron sheet density Σ = 3 × 1011 cm2
(as in Ref. [1]), and s = 0, at the microwave frequency
f = Ω/2π = 20 GHz, one can find PΩ ≃ 0.69 mW/cm2.
If Ω = const, the normalized dissipative conductivity
(and, consequently, normalized resistivity) changes from
σD/σ
0
D = 1−P/2∆ at Ωc/Ω = 1+∆ & 1, where ∆≪ 1
(but ∆ & Γ/Ωc), to σD/σ
0
D = 1 − P at Ωc ≫ Ω, i.e.,
∆≫ 1. In particular, at ∆ = 0.2 and ∆ = 2.0, Eq. (19)
yields σD/σ
0
D − 1 ≃ −18P and σD/σ0D − 1 ≃ −2.2P ,
respectively. At elevated microwave powers, the depen-
dence of σD on P becomes nonlinear.
IV. RESULTS AND DISCUSSION
As follows from Eq. (20), the microwave radiation sup-
presses the dissipative conductivity. It decreases both
the averaged (smooth) value of the dissipative conduc-
tivity and the amplitude of its oscillations. Figures 1 -
3 demonstrate the dependences of the normalized dissi-
pative conductivity of the 2DES dissipative conductiv-
ity associated with the intra-LL electron transitions in
dark conditions and under microwave radiation calcu-
lated using the formulas obtained above on ratio Ωc/Ω.
At fixed microwave frequency Ω, these dependences are
actually the magnetic-field dependences. In the vicin-
ity of the cyclotron resonance, to take into account the
LL damping, function F(ωc) is replaced by F∗(ωc) =
ω2c (ω
2
c + 1)/[(ω
2
c − 1)2 + γ2], where γ = 2Γ/Ω. The dis-
sipative conductivity is normalized by its value in the
absence of microwave radiation at such a magnetic field
that Ωc = Ω. It is assumed that the electron sheet con-
centration in the 2DES is equal to Σ = 3 × 1011 cm−2,
so that setting εF = π~
2Σ/m, where m is the electron
effective mass, at T = 0.4 K one obtains ζF ≃ 280. Apart
from this, we set Γ/Ωc = 0.02, s = 0, and di = 0 (short-
range impurity scattering) in Figs. 1 and 2. In Fig. 3, the
curves correspond to the cases of both short-range and
long-range impurity scattering. As seen from Fig. 1, at
fixed microwave frequency Ω, the degree of suppression
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FIG. 1: Magnetic-field dependences of dissipative conductiv-
ity associated with intra-LL processes normalized by dark dis-
sipative conductivity at Ωc = Ω at fixed microwave frequency
and different microwave powers. The conductivity averaged
over SdH oscillations is show by bold dotted (dark conductiv-
ity) and solid (conductivity in presence of microwave radia-
tion) curves.
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FIG. 2: Normalized magnetic-field dependences of intra-LL
conductivity at different microwave frequencies.
increases with increasing microwave power and decreases
with increasing cyclotron frequency, i.e., when the mag-
netic field becomes stronger. One needs to stress that in
the vicinity of the cyclotron resonance (Ωc/Ω & 1), the
contribution of the inter-LL photon assisted scattering
on impurities (which is not shown in Figs. (1) - (3)) is
substantial. However, this contribution rapidly decreases
when Ωc/Ω deviates from unity.
Figure 2 shows that the effect of dissipative conductiv-
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FIG. 3: Normalized magnetic-field dependences of intra-LL
conductivity calculated for (a) long-range and (b) short-range
impurity scattering mechanisms.
ity decrease and suppression of its SdH oscillations be-
ing rather strong at relatively low microwave frequencies
(for example, at f = 10 − 20 GHz) markedly weakens
with increasing microwave frequency. Indeed, as seen
from Fig. 2, at f = 10 GHz the average conductivity
is relatively small, and its SdH oscillations are almost
smeared. However, an increase in the microwave fre-
quency to f = 40 GHz leads to marked increase of the
average conductivity and recovery of SDH oscillations.
One can see that the amplitude of electron orbit center
oscillations in the limit Ωc ≫ Ω is inversely proportional
to both Ωc and Ω. As follows from Eq. (11), in this case,
LE ∝ E/ΩcΩ [18]. Hence, an increase in either Ωc or
Ω results in vanishing of the effect of microwave radia-
tion on intra-LL conductivity. This is consistent with the
experimental observations [1, 2].
As found in the previous section, the strength of the
effect of microwave suppression under consideration de-
pends on the dominating impurity scattering mechanism;
the effect is more pronounced when electrons are scat-
tered primarily due a short-range interaction with impu-
rities. This is confirmed by the results of calculations
shown in Fig. 3.
One needs to point out that Figs. (1) - (3) show the
contribution to the 2DES dissipative conductivity asso-
ciated with intra-LL electron transitions. When Ωc is
moderately larger than Ω, photon-assisted inter-LL scat-
tering processes significantly contribute to the conductiv-
ity. Since this contribution (at Ωc & Ω) is positive and
it is of the resonant nature, this resonant contribution
surpasses the contribution of intra-LL transitions in the
immediate vicinity of cyclotron resonance as seen on the
experimental plots [1]. However, when Ωc > Ω, the effect
of dynamic suppression of electron intra-LL scattering is
dominant. At higher magnetic fields when Ωc markedly
exceeds Ω, the effect of microwaves on the scattering be-
ing still dominant becomes weaker because of a decrease
in the amplitude of electron oscillations in the microwave
ac electric field with increasing magnetic field.
An increase in the electron temperature due to mi-
crowave heating can affect the dissipative conductivity
of 2DESs as well. However, the electron heating leads
to smearing SdH oscillations but it does not change or
slightly increases (see, for example, [16] and references
therein), the dissipative conductivity averaged over these
oscillations at least until the electron temperature re-
mains small compared to the Fermi energy. However, a
marked decrease in the dissipative conductivity averaged
over SdH oscillations was observed [1, 2]. Due to this,
the heating mechanism appears to be irrelevant to the
effect observed experimentally in Refs. [1, 2], although
this mechanism requires further theoretical analysis.
V. CONCLUSIONS
We proposed a model for low-frequency microwave
photoconductivity in 2DESs in a magnetic field based
on the concept of dynamic localization of electrons by
microwave ac electric field. We showed that this model
explains the following features of of microwave photocon-
ductivity:
(1) Effective suppression of the dissipative conductivity
and its SdH oscillations by microwave radiation with suf-
ficiently high power in wide magnetic field range corre-
sponding to Ωc/Ω somewhat exceeding;
(2) Reincarnation of SdH oscillations at sufficiently large
ratio Ωc/Ω.
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